The haemagglutination, free radical scavenging and membrane stabilizing activities of combined ethyl acetate/diethylether extract of root of Plumbago zeylanica were investigated. The combined fraction (ethyl acetate/diethylether) was chromatographed on silica gel column using hexane/ethyl acetate gradient elution (100:0 -0:100 v/v) to afford seven fractions (A-F) based on R f values and phytochemical evaluation tests. The fractions were assayed for phytochemical constituents, total phenol contents, free radical scavenging and membrane stabilizing activities and toxicity using haemaglutination assay method. The phytoconstituents include anthraquinones, flavonoids and phenolic acids. The phenolic contents in the fractions ranged between 0.27 ± 0.04 and 0.93 ± 0.28 mg/g tannic acid equivalent (TAE). The fractions exhibited strong and appreciable free radical scavenging and membrane stabilizing activities and agglutinated red blood cells, which implied toxicity. These activities compared favourably with standard anti-inflammatory and anti-oxidant drugs. The results revealed that while some of the fractions haemaglutinated red blood cells, others provided effective antioxidant and anti-inflammatory activities.
INTRODUCTION
Plumbago zeylanica (Linn) belongs to the Plumbaginaeceae family. It is employed in folk medicine as remedies for treating scabies and ulcers, fever, intestinal parasites, external and internal trauma and rheumatic pain (Dalziel 1959; Chiu and Chang, 1986; Li, 1998; Simonsen et al., 2001; Lin et al., 2003; Dai et al., 2004; ) . It is also employed in the treatment of contusion of the extremities, dysmenorrhea and elimination of intestinal parasites (Amin and Mousa, 2007) . Its phytochemical constituents include flavonoids, naphthoquinones, binaphthoquinones, coumarins, β-sitosterol, saponins, cardiac glycosides, tannins, alkaloids, and cytotoxic plumbagic acid glucosides (Sankaram et al., 1976; Gunaherath et al., 1983; Gunaherath and Gunatikka, 1988; Oyedapo 1996; Gupta et al., 1999; Beg and Ahmad, 2000; Lin et al., 2003; Ahmad and Aqil, 2006; Olagunju et al., 2006) . Earlier studies (Oyedapo and Amos, 1997; Oyedapo et al., 2004) revealed that the ethanolic and aqueous fraction of root extract of Plumbago zeylanica have been demonstrated to be nontoxic while ethyl acetate fraction was extremely toxic to experimental rats. Owing to the observed toxic nature of ethyl acetate and diethylether extracts of root of P. zeylanica, this study was designed to investigate the chemical nature and activities of the combined extracts. Therefore, this paper reports the fractionation of the combined ethyl acetate/ diethylether fraction of the root extract of Plumbago zeylanica and the evaluation of the fractions for toxicity by haemagglutination
Spectroscopic readings
The absorbance readings were recorded on CamSpec M201 Vis-Spectrophotometer Model (Cambridge CB2 4BG) and Pharmacia Biotech Novaspec II Spectrophotometer (Pharmacia Chemical Limited, Uppsala Sweden).
Preparation and fractionation of root extract of P. zeylanica
Air dried powdered root (3 kg) of P. zeylanica was successively extracted with diethylether, ethyl acetate and the residue was finally suspended in 80% (v/v) ethanol. The ethanolic extract was partitioned successively with diethylether followed by ethyl acetate according to a procedure that was based on procedures described by Adeoye and Oyedapo (2004) and Ikekawa and Suzuki (1981) .The diethylether and ethyl acetate extracts were combined followed by evaporation to dryness under reduced pressure at 30 °C. The residue was fractionated on silica gel column using hexane/ethyl acetate solvent mixtures gradient elution 100:0% -0:100%.
Fractions (10 ml) were collected at a flow rate of 1 ml/min. A total of 620 fractions were collected and pooled into thirteen fractions labelled F1 -F13 based on their R f values. All these operations were carried out at room temperature. Each pooled fraction was evaporated to dryness under reduced pressure at 30 °C and kept for further analyses.
Thin layer chromatography
Various fractions were chromatographed on precoated silica gel F 254 plates in chloroform: acetone: propan-2-ol (85: 15: 20 v/v/v) and toluene-ethyl acetate -90% formic acid (5: 4: 1 v/v/v) with spray reagent, 1% (w/v) CeSO 4 in 6N H 2 SO 4 and 1% (w/v) ρ-dimethylamino-benzaldehyde in 96% (v/v) ethanol. The plates were air dried, sprayed and placed in the oven at 105 °C for 5 min. The plates were examined before and after chemical treatment followed by examination for brown, pink, purple and blue-green spots. The R f values were calculated and the reactions to specific reagents noted.
Phytochemical tests
The fractions were tested for the presence of anthraquinones and flavonoids as described by Trease and Evans (2002) and alkaloids, saponins, tannins as described by Sofowora (1993) . The fractions were then pooled as follows: A (F1 -F5), B (F6), C (F7 -F9), D (F10), E (F11), F (F12) and G (F13). The pooling of fractions was based on the R f values and positive reactions to specific chemical reagents.
Biochemical analyses

Haemagglutination assay
Haemagglutination assay was carried out as described by Carmichael and Bent (1981) in U-shaped microtitre plate with fixed human red blood cells. The human red blood cells were fixed with formaldehyde based on procedures earlier described by Butler (1963) . Aliquots (0.1 ml) of 4% (v/v) formaldehyde fixed red blood cells were added to all the wells. The microtiter plate was covered and incubated at room temperature in order to allow for agglutination of erythrocytes to take place. The titer was taken as the reciprocal of the last dilution showing agglutination of red blood cells.
Estimation of total phenol content
The total phenol concentration of the fractions was estimated using FolinCiocalteus reaction method according to the procedure described by Singleton et al. (1999) with tannic acid as standard. The total assay volume was 3.75 ml. The standard consisted of 0.75 ml of Folin's reagent, 1.0 ml of 15% (w/v) Sodium carbonate solution, varying volumes of 250 µg tannic acid solution and distilled water. The test consisted of 0.25 ml of each fraction, 0.75 ml Folin's reagent and 1.0 ml of 15% (w/v) Sodium carbonate solution and 1.75 ml distilled water. The contents of all tubes were mixed thoroughly, incubated at room temperature for at least 10 min. The absorbance was read at 765 nm against reagent blank.
Assay of free radical scavenging activity
Evaluation of the free radical scavenging activities of the fractions was by 2,2-diphenyl-1-picryl-hydrazylhydrate (DPPH) -free radical scavenging assay based on procedures earlier described by Blois (1958) as reported by Cakir et al. (2003) with slight modifications and ascorbic acid as the standard. Solutions of the fractions were prepared in ethanol, and ascorbic acid solution (2.5 mg/ml) was prepared in distilled water. The sample (fraction/ ascorbic acid) reaction mixtures consisted of 1 ml of 0.2 mM DPPH, varying volumes of sample (volumes of fraction/ ascorbic acid solution) were pipetted such that the concentration of the fraction solution per total assay volume was 0, 50, 100, 150, 200, 250, 300, 400, 500 and 600 µg/ml) and the volume was made up to 3 ml with 10 mM acetate buffer, pH 5.5. The control reaction mixture consisted of 2.0 ml of 10 mM acetate buffer; and 1.0 ml of 0.2 mM DPPH. The reaction mixtures were well shaken and incubated at room temperature in the dark for 30 min. The absorbance was read at 517 nm against reagent blank.
The percentage DPPH free radical scavenging activity was estimated using the expression:
Absorbance of control -Absorbance of sample X 100
Absorbance of control EC 50 values of fractions/ ascorbic acid were calculated by linear regression of plots where the abscissa represented the concentration of fractions/ ascorbic acid and the ordinate the average percentage of DPPH free radical scavenging activity from three separate assays.
Assay of membrane stabilizing activity
The membrane stabilizing activity assay was carried out as earlier described by Sadique et al. (1989) and Oyedapo et al. (2004) using 2% v/v bovine erythrocyte suspension and indomethacin as the standard anti-inflammatory drug. The assay mixture consisted of hyposaline (2.0 ml), 0.15 M sodium phosphate buffer at pH 7.4 (1.0 ml), varying volumes of drug (fraction or Indomethacin) (0.0 -1.0 ml), 2% (v/v) erythrocyte suspension in isosaline (0.5 ml) and varying volumes of isosaline to give a total assay volume of 4.5 ml.
The control (4.5 ml) was prepared as above except the drugs were omitted while drug control (4.5 ml) lacked erythrocyte suspension. The reaction mixtures were incubated at 56 ºC for 30 min. The tubes were cooled under running water followed by centrifugation at 3000 rpm on Bench Centrifuge Model 800D (Microfield Instrument, England), for 10 min at room temperature. The supernatants were collected followed by reading the absorbance of the released haemoglobin at 560 nm. Then, the percentage membrane stability was estimated from the following expression: 100 -(Drug test value-Drug control value) x 100 Control value
The control represents 100% lysis.
Statistical analysis
The data were expressed as the mean ± sem of three consistent readings. The significance of the differences between controls, drugs and fractions were analyzed by the Student's t-test and analysis of variance (ANOVA). Values of P≤0.05 were considered to be statistically significant.
RESULTS
The yield of the combined fraction was 10.11 g representing 0.33% of the starting material. The phytochemical analyses revealed the presence of flavonoids, anthraquinones and phenolic acids as a result of positive reactions produced by these molecules.
Moreover, Fractions B, C, D, E and G agglutinated fixed bovine erythrocytes at concentrations of 9.0 mg/ml, 5.0 mg/ml, 3.75 mg/ml, 7.75 mg/ml and 29.5 mg/ml respectively. Phosphate buffered solution of fraction G agglutinated the bovine red blood cells to a titre of 2 3 which was equivalent to 74 µg/ml.
The phenolic concentrations were expressed as tannic acid equivalent (mg/g TAE), with fraction A having the highest phenol content and fractions B and D the least values. The mean values obtained for various fractions were A (9.30 ±0.28); B (0.25 ±0.06); C (0.37 ± 0.10); D (0.27±.04); E (0.92 ±0.06); F (5.17 ±0.08) and G (8.88±0.10).
Only fractions C, D, F and G exhibited DPPH free radical scavenging activities. The EC 50 values of fractions C, D and G were calculated to 216.99 + 3.52 µg/ml, 283.40 + 5.17 µg/ml and 182.81 + 2.46 µg/ml respectively while those of Fraction F and ascorbic acid exhibited higher activity ( Figure  1) .
The mean maximum membrane stabilizing activities of various fractions and mode of protection were A, 60.35+0.48% (biphasic); B, 39.93+2.13% (monophasic); D, 37.29+0.69 (biphasic); F, 63.00+6.84% (monophasic); G, 50.22+9.06% (biphasic) and Indomethacin, 59.74+5.07% (monphasic) respectively (Figure 2 ). EC 50 values obtained from regression lines analyses showed a good coefficient of determination (r 2 ≥ 0.875).
DISCUSSION
The popularity of complementary medicine has increased considerably. Presently, no available statistics on the survey of the use of herbal medicine has indicated that large percentage of the population suffering from various form of ailments employ at least one form of unconventional therapy including herbal medicine ( Eisenberg et al., 1993; Maclennan et al., 1996; Basu and Hazraa, 2006) . Even, the World Health Organization (WHO, 1984) has suggested the evaluation of the potential of plant materials as effective therapeutic agents in the areas in which there are shortages of safe modern drugs or in cases of where orthodox drugs exhibit various side effects (Upadhayay and Pandey, 1984) .
The root of Plumbago zeylanica and its constituents are credited with potential therapeutic properties including atherogenic, cardiotonic, hepatoprotective, antioxidant and neuroprotective properties (Tilak et al., 2004; Alpana 1996) . Moreover, literature surveys revealed that leaf and root extracts of P. zeylanica exhibited anti-inflammatory, antimicrobial, antimalarial as well as antifungal activities (Thomas, 1989; Oyedapo et al., 1999) . This paper reports the haemagglutination, DPPH-free radical scavenging and bovine erythrocyte stabilization activities of ethyl acetate fraction of root of P. zeylanica.
Phytochemical analyses of ethyl acetate fraction of P. zeylanica revealed that the chemical composition included phenolics, anthraquinones and flavonoids as a result of positive reactions for the presence of these molecules. The activities observed in this investigation could be attributed mainly to these biomolecules. It has been speculated that remarkable anti-inflammatory activities of plants are attributed to their sterol and flavonoid contents (Ahmad et al., 1993; Beg and Ahmad, 2000) . Flavonoids and related phenols are ubiquitous in land plants and they exhibit arrays of biological activities which include free radical scavenging, antiinflammatory activity, inhibition of cell proliferation, promotion of differentiation, and function as anti-oxidant and are mediators of tyrosine kinases (Ulubelen 1980; Kuo 1996; Mabry and Yu et al., 2005) .
Experimentally and pharmacologically a good relationship has been established between brine shrimp lethality and haemaglutination of erythrocyte in the screening, detection and quantification of toxic compounds (Meyer et al., 1982; Mackeen et al., 2000) . The toxicity evaluation of the fractions in the present study was by hemagglutination assay. The agglutination of red blood cell is always attributed to the presence of toxic factors and taken as positive response just like other lethality tests.
Investigators have employed haemaglutination technique for the evaluation of type c toxins of freshwater cyanobacteria (blue green algae), Microcystis aerugimosa , Anabaena flos-aquae anatoxin-c and various extracts of Pentaclethra macrophylla (Carmichael and Bent, 1981; Frisvad and Filtenborg, 1983; Okorie et al., 2006) . Therefore, erythrocyte agglutination was employed for the detection and quantification of toxicity of fractions in this investigation. Fraction G gave positive responses when dissolved both in organic solvent and phosphate buffered saline solution (PBS). Fractions B, C, D and E gave positive response when dissolved in organic solvent but negative response when dissolved in PBS solution. Therefore toxic constituents of nonpolar fraction of root of P. zeylanica are contained in fractions B, C, D, E and G. % membrane stability 2,2-diphenyl-1-picryl-hydrazyl-hydrate (DPPH) is a free radical stable at room temperature and produces a violet solution in ethanol. DPPH is reduced in the presence of an antioxidant molecule giving rise to uncoloured ethanol solution (Mensor et al., 2001) . DPPH stable free radical method is an easy, rapid and sensitive way to assay the antioxidant activity of a specific compound or plant extracts (Pourmorad et al., 2006) . The results of DPPH radical scavenging assay showed that fractions C, D and G exhibited DPPH-free radical scavenging activities at varying concentrations. These results agreed with earlier investigations (Mensor et al., 2001) where general correlation was observed between antioxidant activity (free radical scavenging activity) and the phenolic content. The mechanisms of action of flavonoids might have been exerted through scavenging activity (Amin and Mousa, 2007) thus; the presence of flavonoids in fractions C, D, E, F and G could be responsible for the observed activity.
The ability of extracts or compounds to stabilize red blood cells subjected to both heat and hypotonic induced lyses have been attributed to the anti-inflammatory activity of such extract or compound in earlier investigations (Sadique et al., 1989; Oyedapo 1996; Falade et al., 2005) . Flavonoids have been demonstrated to exert profound anti-inflammatory activities (Pourmorad et al., 2006) by exhibiting stabilizing effect on lysosomes both in vivo and in vitro in experimental animals ( VanCargegham, 1972; Sadique et al., 1989; Middleton, 1996) . The exhibition of remarkable membrane stabilizing activities by fractions A, F and G could be attributed to the presence of phenolics as these fractions gave positive reactions for their presence. Studies have shown that compounds that exhibit membrane stabilizing activities are known to interfere with early phase of inflammatory reactions that is, prevention of the release of phospholipases that initiate the formation of inflammatory disorders (Aitadafoun et al., 1996; Neergheen et al., 2006; Umukoro and Ashorobi, 2006) . The membrane stabilizing profiles of various fractions revealed that the fractions protected the bovine erythrocytes exposed to both heat and hypotonic induced lyses to varying degrees (Figure 2) . Moreover, the results revealed that the activity of the fractions compared favourably with that of a non-steroidal anti-inflammatory drug (NSAD) indomethacin, with Fraction A exerting highest membrane stability properly and followed by fraction F while fraction D gave the least protection. Thus, the exhibition of membrane stabilizing activities by fractions D, F and G may probably be due to the presence of flavonoid in these fractions.
The results revealed that the toxic constituents of root extract of P. zeylanica were contained in fractions B, C, D, E and G. These compounds were mainly extractable with ethyl acetate and contained phenolic acids, anthraquinones and flavonoids.
